Newborn cord care practices may directly contribute to infections, which account for a large proportion of the four million annual global neonatal deaths. This formative research study assessed current umbilical and skin care knowledge and practices for neonates in Sylhet District, Bangladesh, in preparation for a cluster-randomized trial of the impact of topical chlorhexidine cord cleansing on neonatal mortality and omphalitis. Unstructured interviews (n ¼ 60), structured observations (n ¼ 20), rating and ranking exercises (n ¼ 40) and household surveys (n ¼ 400) were conducted to elicit specific behaviors regarding newborn cord and skin care practices. These included hand-washing, skin and cord care at the time of birth, persons engaged in cord care, cord cutting practices, topical applications to the cord at the time of birth, wrapping/dressing of the cord stump and use of skin-to-skin care. Overall 90% of deliveries occurred at home. The umbilical cord was almost always (98%) cut after delivery of the placenta, and cut by mothers in more than half the cases (57%). Substances were commonly (52%) applied to the stump after cord cutting; turmeric was the most common application (83%). Umbilical stump care revolved around bathing, skin massage with mustard oil and heat massage on the umbilical stump. Overall 40% of newborns were bathed on the day of birth. Mothers were the principal provider for skin and cord care during the neonatal period and 9% of them reported umbilical infections in their infants. Unhygienic cord care practices are prevalent in the study area. Efforts to promote hand-washing, cord cutting with clean instruments and avoiding unclean home applications to the cord may reduce exposure and improve neonatal outcomes. Such efforts should broadly target a range of caregivers, including mothers and other female household members.
Introduction
Of the annual four million neonatal deaths, 99% occur in developing countries, and more than one-third can be attributed to infections. 1 Some infections in newborns result from exposure of the umbilical cord stump to invasive pathogens, leading to serious illnesses, including tetanus, omphalitis and sepsis, 2 and are often related to traditional practices (Table 1) . 3 'In community settings with a high proportion of home births, signs of cord infection are commonly seen. For example, in rural Nepal the incidence of redness extending to the skin at the base of the stump exceeded 15 cases in every 100 neonatal period observed, and redness in combination with pus discharge was present in approximately 6% of infants. ' 4 Specific changes to cord care practices, including topical cleansing with chlorhexidine, 4 may reduce exposure of the cord stump to pathogens and consequent risk of infection and death.
In preparation for a trial of chlorhexidine cleansing regimens in Sylhet District, Bangladesh, we conducted formative research to determine perceptions of the umbilicus and its function, skin and umbilical care practices and roles of caretakers in overall and cord-specific newborn care. Such information can guide the design of future interventions to reduce the risk of omphalitis within integrated neonatal care programs.
Methods
Semi-structured interviews were conducted with recently delivered women (RDW, n ¼ 20), mothers-in-law or other senior females (n ¼ 20), husbands (n ¼ 10) and fathers-in-law or other senior males (n ¼ 10). The sample of 20 mothers of infants 3 months of age or less (RDW) was selected purposively to include high socioeconomic status (SES) families with relatives in a high-income country (four women), middle SES families without relatives abroad (six women), low SES families of fishermen and farmers (six women), and very low SES families who had migrated into the area from central Bangladesh (six women).
Senior females, husbands and senior males were relatives living in the same household as these 20 women.
An exercise to rank five different commercially available topical antiseptic products was included in the unstructured interviews of the 20 RDW and 20 senior females from the households of these RDW. These five products were Nebanol powder, Neobacrin ointment, Hexisol, gentian violet and antiseptic wipes. Respondents ranked these products on ease of application and preservation, and perceived comfort for the child. Project workers directly observed specific behaviors related to umbilical cord care at the time of delivery and during the immediate postnatal period using a semi-structured checklist in 20 households. A household survey on newborn care practices was also administered (Table 2) .
To estimate prevalence of any binary variable with assumed prevalence of 50%, within an absolute precision of 5% and assuming 5% loss to follow-up, a total of 404 interviews were required, and 410 interviews were completed. Data were collected between September and November 2006.
Consent was obtained from all study participants, and all procedures were approved by the Ethical Review Committee of the International Centre for Diarrhoeal Disease Research, Bangladesh, and the Committee on Human Research at the Johns Hopkins Bloomberg School of Public Health (Baltimore, MA, USA).
Results
Among survey respondents, 369 (90%) mothers delivered at home and 41 in public or private health facility or clinic. Table 2 presents survey results on cutting and tying the umbilical cord for home deliveries. In this study, 57% of RDW reported they themselves had cut the umbilical cord. The person cutting the cord is considered to remain ritually unclean (napak) for 40 days, during which time he/she is unable to say prayers (namaj). As the mother is already considered to be in an unclean state due to the delivery, assuming the responsibility for cutting the cord does not affect this state, and prevents others from becoming ritually unclean.
Our elders tell us that prayers (namaj) or fasting (roja) of the person who has cut the cord will not be accepted. Since a mother does not need to say prayers (namaj) or fast until 40 days after her delivery, she is the right person to cut the cord.FA mother.
Traditional birth attendants (TBAs) cut the cord in some cases (28%), and TBAs normally have limited involvement in skin and cord care during the first week of life. In qualitative interviews, only two mothers reported cutting the cord before delivery of the placenta. One had delivered in a sub-district hospital, whereas the other received assistance during delivery at home from a trained nongovernment organization health worker. The remaining mothers and grandmothers reported delaying cord cutting until after delivery of the placenta. Some respondents mentioned that a mother could be harmed if the cord was cut prior to placental delivery.
She (TBA) cut the nari (cord) after the chhabra (placenta) came out. If the cord is cut before the placenta comes out, the placenta climbs up to the kolija (Bliver), mother gets hurt in her kolija and dies.FA grandmother.
A clean delivery kit (CDK) was available for 28% of deliveries, mostly from households in the study area where CDKs were concurrently being distributed free of charge. The clean blade (99%), plastic sheet to place under the mother (89%), thread for tying the cord (98%) and soap (97%) were commonly used among 
General hygiene related to delivery
Hand-washing before or after assisting with delivery [5] [6] [7] Choice or availability of clean surface delivery (straw, soil, plastic sheet, other) 8, 9 Timing and method for tying (clamping of the cord)
Immediate tying (clamping)/cutting vs delayed; in many traditional cultures, the cord is cut only after the placenta delivered and/or pulsations cease 3, 10, 11 Material for tying the cord (cotton thread, grass, reeds 12 vs no clamping at all 13 )
Cutting the cord: instrument and length Instrument used to cut the cord (sharp, blunt, sterile vs non-sterile) 3, 12, 14 Cauterization (Mexico) 3 Length of the cord left after cutting; very short (Uganda), vs very long (Ecuador) 10 Use and disposal of the cord, the significance of separation Preservation, burial 3, 15 Naming ceremony coincides with separation (Kenya) 3 Medicinal uses (Mexico)
Topical applications to the cord Use of topical antiseptics 2, 4, [16] [17] [18] Traditional substances (cow dung, rat feces, mustard oil, ash, mud, ghee and breast milk) 2, 4, 5, 10, [18] [19] [20] [21] [22] Bathing of the infant and other skin care
Delayed bathing vs immediate bathing 5, 23 Repeated bathing of the infant vs no bathing 5 Mustard oil massage 19, 24, 25 Skin-to-skin contact 5 Wrapping/dressing/binding of the cord stump Leave loosely covered or wrapped tightly; 'belly binding,' 3 wrapping tightly in sheep skin 21 and tight bundling with cow dung 26 those having CDKs. Among 369 home deliveries, the cord was clamped or tied with a thread before being cut in 93% of cases; this proportion was slightly higher (98%) among CDK users. Overall, use of a blade was high (92%). Boiling of the cutting instrument (overall 64%) was more common among CDK users (43/103, 42%)
as compared with those where a non-CDK blade or instrument was used (88/265, 33%). During qualitative interviewers, blade boiling prior to cutting was described by most mothers and grandmothers. On average, the cord was cut approximately 4 to 7 finger widths from the abdomen. Half of the families (52%) applied a substance to the cord immediately after cutting. The most commonly reported substances used on the cord were turmeric (83%) and boric powder (53%). Other substances applied were mustard oil, ash, Dettol, coconut oil, Nebanol ointment, ginger and chewed rice.
Bathing, skin massage and heat treatment of the umbilical stump, performed individually or separately (Figure 1 ), are principal components of skin and umbilical cord practices during the first week of life.
Bathing newborns soon after birth is a cultural norm in Sylhet District. Although a large proportion of newborns are bathed within 24 h (42%), a substantial proportion of newborns received their first bath more than 72 h after birth (Figure 2 ), potentially due to the promotion of delayed bathing in the earlier Projahnmo-I (Project to Advance the Health of Newborns and Mothers-I) study. Water was usually warmed prior to the bath (96% of 388 newborns receiving a bath), usually over a stove (99%).
Babies are bathed soon after birth to clean and purify the newborn, remove the vernix (shada shada moyla), remove blood from delivery process and to prepare newborn for hearing call to prayer or azan (reported mostly by male respondents). The necessity of purification of newborn predominated among these reasons:
I bathed the baby (chhawal) right after birth to purify it. If the baby is not bathed and a senior holds it on the lap (kole neye), he/she will not be allowed to say prayers (namaj). Therefore, I bathed the baby (right after the delivery).FA grandmother.
Concern regarding pneumonia restrained many caretakers from bathing right after birth. 
Skin massage with mustard oil
Newborn skin and umbilical stump care in Sylhet District Figure 1 Elements of local newborn skin and umbilical stump care practices in the home in Sylhet District.
I bathed my baby after six days. You people (pointing to health workers) keep saying that bathing immediately after birth causes cold and pneumonia.FA mother.
In-depth interviews and observations revealed that newborns were normally bathed two to three times during first week of life. The suggested optimal time for newborn bathing was between 1000 and 1200 hours, as sun is strong and therefore reduces risk of cold-related diseases such as pneumonia. Mustard oil massage is another way families try to protect the child from getting cold during bathing.
Bathing practices are shown in Table 3 . Most women reported using pond water to bathe the newborn, wherein substances are sometimes (21%) added to the waterFmost commonly Dettol or Savlon (a common household antiseptic containing chlorhexidine).
Many participants appreciated the importance of thermal care in prevention of perceived illnesses caused by cold. Respondents reported four methods of keeping newborns warm in their first week (multiple responses possible), namely wrapping the newborn infant in a 'blanket' (96%), oil massage (31%), placing the newborn infant near a heat source such as a fire (5%) and skin-to-skin contact (2%). When wrapping the baby, most common materials used were either a tolpani (also called katha, a thin, homemade mat made with several layers of used cloths) or layers of used cloths from a woman's sari or man's lungi.
I had the baby wear a jama (clothing for upper part of the body) and then covered (wrapped) it with a katha or kombol (blanket).
If temperature is low, I had the baby wear socks and warm jama. What else could we do (to keep it warm)?FA grandmother.
Newborn massage (malish kora) was practiced by 367 (90%) respondents (Table 4 ) and mustard oil (mitha tel) was the most common type of oil chosen (86%). The oil is normally applied to entire body from the first day of life. A 'generous' amount is used for each session, enough to massage the belly, back, legs (including toes), hands (including fingers) and head. The observations revealed this 'generous' amount was sufficient to complete a full-body massage. Normally, the face, genital organs and umbilical stump were excluded from the massage, but some participants reported that mustard oil was applied to the cord stump directly prior to the time when it falls off.
Mustard oil is perceived as an intrinsically hot substance that protects the baby from cold and associated health problems. 19 Some respondents mixed various herbs and spices (33%), especially garlic, into the mustard oil, which they heated and applied to the baby's body after cooling the mixture. Other additives include ginger, turmeric and bonjamra leaves. Massage generally continues for 4 to 5 min and is performed two to three times daily, especially after bathing.
I used mustard oil to remove white moila (referring to vernix). If you massage your baby with mustard oil, cold will not catch it, and its muscles will become strong. This is why we massaged our baby with mustard oil.FA mother.
The person responsible for massaging the baby is almost universally a female household member, normally the mother or grandmother. Similarly, heat treatment (shek dewa) and cleaning are usually performed by the mother and grandmother, with occasional help from the mother's or father's sisters. Although keeping newborn close to chest while wrapped in warm clothes (blankets) is common, skin-to-skin care was rarely (2%) reported; when provided, it is primarily given by mother (eight out of nine respondents) or grandmother (five out of nine respondents), but never by a male.
Cord separation between 3 and 7 days after birth was considered normal; some respondents were concerned in those infrequent cases when separation occurred after first week. The most frequently practiced method of helping the umbilical cord fall in time is shek dewa (also called heda dewa, heat treatment with a ball of cloth and/or warmed fingers). According to the observations and in-depth interviews, heda dewa/shek dewa normally includes holding a cloth on or close to a hot object or the fire, checking it to make sure it is not too hot, placing in on the nari (cord) or nabi (umbilical stump) until it loses its heat, and repeating the process. Another method includes putting one's thumbs close to the fire and then placing them on the newborn's umbilical stump, with the focus of the heat massage on the bottom of the stump. We did not detect concern for cleanliness of hands or cloth used for shek dewa during the observations. The shek dewa treatment continues for 3 to 4 days after cord separation. If problems occur after the stump separates, people again administer shek dewa, and, on advice of the community health worker, might apply gentian violet or other topical regimens, including shidur (vermilion), boric acid powder and cold cream.
To speed cord healing and separation, the stump and surrounding area are cleansed with warm water, soap, Dettol or Savlon, or dried with cloth or a piece of cotton. The majority of informants for the qualitative interviews cleaned the stump two times a day (morning and afternoon), and in a few cases up to four times daily. Application of substances to the stump in the first 7 days was reported by 100 (24%) respondents. Most commonly mentioned substances were mustard oil (N ¼ 16), ash (N ¼ 10), coconut oil (N ¼ 7), shidur (N ¼ 7) and Dettol (N ¼ 6).
Among the 20 families participating in in-depth interviews, all completed the rating/ranking exercise and consistently preferred Nebanol powder, followed by Neobacrin ointment. The least preferred product was gentian violet.
Discussion
Several unhygienic cord care practices are prevalent in Sylhet District, Bangladesh. Such practices have been associated with umbilical cord infections, and therefore efforts to reduce harmful practices and promote interventions that reduce potential exposure of the cord may result in improved neonatal outcomes. Mothers and other female relatives are primary neonatal caregivers, whereas TBAs play a lesser role. Thus, improved cord care promotion efforts should be targeted to the full range of caregivers.
The fact that mothers themselves, rather than female caregivers or TBAs, cut the cord, strengthens our recommendation that interventions be directed at mothers and other female caregivers. The practice of cord cutting by mothers differs from other parts of Bangladesh and South Asia, where TBAs are reported to play active role in the postpartum period. 27, 28 Respondents indicated that cord was cut at a distance from the abdomen (4 to 7 fingers) generally slightly longer than advised. 10 Although length of the umbilical stump may be associated with cord infection, there are no existing data available and further investigation is warranted. A particularly alarming result is that umbilical cord was not tied prior to cutting for 7% of newborns. An earlier study in Bangladesh on risk factors for neonatal tetanus found that mortality from tetanus was significantly higher among those not tying/clamping the cord before cutting (111 per 1000) than among newborns whose cord was tied (24 per 1000 live births). 13 Removal of vernix is commonly practiced at the time of bath and should be discouraged. Although awareness of the importance of thermal care was high, the majority primarily reported keeping the newborn warm by wrapping it in a blanket or katha and only 2% of respondents reported using skin-to-skin care. Given the known benefits of skin-to-skin care 29 and association with reduced risk of cord infection, 5 future interventions should further promote it.
The high proportion of infants receiving mustard oil massage is consistent with numerous earlier reports from Bangladesh and the region. 19, 24, 30 The neonatal skin plays an important role in protecting the newborn infant from invasive pathogens. Some neonatal care practices in the community, including mustard oil massage, may compromise the skin barrier function, increase transepidermal water loss, decrease structural integrity and increase the risk of percutaneous penetration by invasive pathogens, especially for those that are preterm of low birth weight. 30 Given centrality of mustard oil in newborn care, further evaluation is needed of its beneficial and harmful effects.
Caregivers are concerned about the timing of separation of the umbilical cord and become worried if it does not fall off after 7 days. Most clean the area around the stump and use a method called shek dewa to facilitate the cord separation. If, in future programs, topical chlorhexidine applications to the cord during the first week of life are promoted, improved overall coverage may be achieved by focusing on household members who perform shek dewa. It is known that application of topical antiseptics will generally increase the average time to cord separation, [31] [32] [33] [34] but in settings where colonization rates and risk of infection are high, the impact of this intervention on separation time is likely to be substantially less. For example, in Nepal, the application of chlorhexidine increased the time to cord separation by approximately 24 h, or 25%. 35 Even this short increase in cord separation time may, however, be noticed by caregivers and lead to dissatisfaction with the intervention. There is no evidence that delaying cord separation time increases the risk of infection and, if the impact of chlorhexidine cleansing of the cord on omphalitis and mortality risk is confirmed, these benefits would far outweigh any concerns of increased separation time. To achieve acceptability and maintain high coverage, programs promoting cord cleansing with antiseptics should provide appropriate educational messages about the balance between these benefits and the likelihood that separation of umbilical cord may be slightly delayed.
In a quarter of newborns (24%), a substance was applied to the stump. Application of mustard oil, associated with cord infections in Nepal, 5 and other substances such as ash, mud, mother's saliva, ginger and/or chewed rice to cord stump, should be discouraged. The World Health Organization (WHO) suggests that the cord simply be kept clean and dry, or that a topical antiseptic such as chlorhexidine be used to substitute for traditional harmful practices. 10 Few wash hands before attending to newborn, massaging newborn or applying heat treatment to umbilical cord stump. Even if the TBA, mother or other person caring for newborn washes her hands, she often wipes them on unclean clothing or surfaces.
Although evidence is limited on its specific effects, washing hands before handling the newborn may be beneficial. Encouragement to use materials (such as clean cotton) other than fingers for the application of medicine/antiseptic should also be included. In addition to the promotion of hand-washing, messages should stress avoiding recontamination of washed hands before attending to newborn, and hand-washing prior to assisting with delivery.
Conclusion
In the Projahnmo-III intervention trial, information will be given concerning hand-washing prior to assisting with delivery and cord cutting, tying cord prior to cutting and avoidance of applying specific substances to the cord. The educational component will be targeted to mothers, TBAs and other family members. Given that cord separation time might be increased, chlorhexidine cleansing will be provided in conjunction with discussion regarding its potential benefits, and delay in cord separation will be minimal and not affect the newborn's health. Scale-up of chlorhexidine antisepsis of the cord awaits results from the Projahnmo-III trial of chlorhexidine cleansing regimens (1 day, 7 days) as compared with dry cord care. Although there is already some use of products with chlorhexidine as an active ingredient such as Savlon, the concentration is far below the minimum concentration recommended by the WHO for this purpose, that is 4.0%. 10 Promotion of the 4% solution is likely to provide greater benefit, and build upon current practices.
